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Bancroftian filariasis in an endemic area of Brazil:
differences between genders during puberty
Filariose bancroftiana em uma área endêmica do Brasil:
diferenças entre os sexos durante a puberdade
Cynthia Braga1, Inês Dourado2, Ricardo Ximenes3,
Janaína Miranda1 and Neal Alexander4
ABSTRACT
Gender differences in susceptibility to infectious diseases have been observed in various studies. A survey was performed
in a bancroftian filariasis endemic area in the city of Olinda, Brazil. All residents aged 5 years or older were examined
by thick blood film. People aged 9 to 16 years were interviewed and also tested for filarial antigenaemia. Data were
analyzed by contingency table methods and regression models. The risk of microfilaraemia for males was significantly
higher. Among those aged 9 to 16 years, the analysis of gender and filariasis by age showed that boys from 15 to 16 years
had a higher risk of infection than girls. No association was found between menarche and filariasis in girls. The data
suggest that variations between gender in filariasis could result, at least in part, from an increase in susceptibility of
men. This epidemiologic feature needs to be considered while formulating elimination plans.
Key-words: Filariasis. Gender differences. Puberty. Risk factors.
RESUMO
Diferenças entre os sexos quanto à susceptibilidade às doenças infecciosas têm sido observadas em vários estudos. Um
inquérito de prevalência foi realizado em uma área endêmica de filariose bancroftiana na cidade de Olinda, Brasil. Todos
os residentes com idade > 5 anos foram examinados pela gota espessa. Moradores com idade entre 9 e 16 anos foram
entrevistados e testados para a presença de antigenemia filarial. Os dados foram analisados utilizando tabelas de
contingência e modelos de regressão. O risco de microfilaraemia nos homens foi significativamente mais elevado. Meninos
com idade entre 15 e 16 anos tiveram maior risco de infecção filarial do que as meninas. Os dados sugerem que variações
entre os sexos na filariose podem resultar de um aumento na susceptibilidade dos homens a partir da puberdade tardia.
Essa característica epidemiológica deve ser considerada ao se formularem os planos de eliminação da endemia.
Palavras-chaves: Filariose. Diferenças entre sexos. Puberdade. Fatores de risco.
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Gender differences in susceptibility to several diseases have
been observed in a number of studies11 29. In humans,
epidemiological, laboratory and clinical studies have shown
variations between gender in parasitic diseases including
schistosomiasis, filariasis, leishmaniasis and onchocerciasis, as
well as other infections such as rubella, measles, hepatitis B,
and tuberculosis11.
Filarial surveys carried out in Brazil and other endemic
countries have observed a greater expression of infection and
morbidity in males4  9 12 15 25. Usually microfilaraemia and filarial
antigenaemia, parasitic burdens and clinical manifestations are more
frequently observed among males than females. Different levels of
exposure to infected mosquitoes might explain these patterns.
However, epidemiologic studies which investigated the influence of
socioeconomic factors, occupational exposure, individual protection
and type of clothing did not confirm their effect5.
Differences between gender regarding the occurrence of
diseases have also been related to physiological causes,
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particularly hormonal and genetic ones14 23 24 26 28. For filariasis,
some studies have suggested a possible association between
initiation of sexual hormone production and changes in
susceptibility to infection. Mavoungou et al16 compared levels of
estrogen, progesterone and testosterone among microfilaraemic
and amicrofilaraemic girls aged 14 to 16 years and reported
lower levels of sexual hormones in microfilaraemic carriers.
Brabin4, reviewing surveys carried out in different continents,
observed that the prevalence of microfilaraemia, and parasite
burden, were significantly lower in females than males. The
differential sex effect typically started at age 15, corresponding
to the beginning of women’s reproductive lives. This observation
led the authors to conclude that hormonal factors related to
pregnancy might limit the fertility of the adult worms, or even
make women more resistant to filarial re-infection. Alexander
and Grenfell3 reported a reduction in the parasitic burden among
women during the reproductive period in an endemic population
of Papua New Guinea, although the comparison between pregnant
women and controls demonstrated no evidence of a relationship
between parasite burden and pregnancy.
In spite of efforts to clarify the mechanisms behind gender
differences in lymphatic filariasis, there is no consensus as to
whether the differences are better explained by an environmental
or immunological hypothesis, that is, as a consequence of less
exposure to the vector, or increased resistance to the parasite5 7.
This study investigated the associations of biological and
environmental factors to bancroftian filariasis between genders
during puberty. Among girls, menarche was used as a proxy for
estrogen production.
MATERIAL AND METHODS
The study was carried out in Olinda, a city in Northeastern
Brazil, where a previous parasitological baseline survey found a
spatial cluster of filariasis cases6. The area was mapped and data
were collected through a door-to-door survey performed between
December 1999 and September 2000.
All households were registered and residents aged 5 years and
older were invited to be examined by thick film technique. 60µl
blood samples were drawn between 9 p.m. and midnight. Participants
between the ages of 9 and 16 years were asked to provide an
additional blood sample to test filarial antigenaemia and then were
given a questionnaire to obtain information about time of residence
in the area, use of a bednet, occurrence of menarche, history of
pregnancy and use of hormonal contraceptives.
Circulating filarial antigen was checked using either the
immunochromatographic card test (AMRAD ICT, New
South Wales, Australia) or Og4C3-ELISA (TropBio, Townsville,
Australia), which have similar principle and accuracy17.
The outcome variables were the prevalence of microfilaraemia
(mf), the prevalence of circulating filarial antigen (CFA), and
microfilarial density. Gender and age-specific prevalence of
microfilaraemia and filarial antigenaemia were estimated. The
mean microfilarial density was analyzed by negative binomial
regression10. Logistic regression was used to test the association
between gender and filarial infection (mf or CFA) adjusted for co-
variables. Finally, logistic regression models were constructed
separately for boys and girls. EPI INFO (version 6.0) and STATA
(version 6.0) were the statistical programs used.
The project was approved by the Ethical Committee of the
Centro de Pesquisas Aggeu Magalhães/Fiocruz Foundation. All
participants were informed about the objectives of the study and
signed a consent form. Individual data and blood exams for
participants under 18 years old were only performed after
approval of a parent or guardian.
RESULTS
Epidemiological pattern of bancroftian filariasis in
the whole population. Among 5,258 residents that took part
in the parasitological survey, 328 (6.2%) were positive by thick
film technique. There was a statistically significant association
between sex and mf ( 21χ = 33.19; p <0.0001). The risk for
males was significantly higher than the risk for females, even
after adjustment by age group (adjusted OR = 1.94; 95%
CI: 1.55-2.43; p<0.0001).
In males, the mf prevalence varied with age; it was 5.4% in
the 5 to 9 age group, increased two-and-a-half times in the 15 to
19 age group, remained constant through the 20 to 29 age group
and decreased to 4.7% by age 50. These differences were
statistically significant ( 26χ = 29.99; p <0.0001) (Figure 1).
Among females, the mf prevalence that was 3.9% in the 5 to 9
age group rose to 6.0% in the 15 to 19 group and then steadily
decreased until reaching 2.8% in those over the age of 50. These
differences in female age-specific prevalence were not statistically
significant ( 26χ = 6.56; p = 0.363) (Figure 1). The test of
interaction between sex and age group was performed, but no
significant difference was observed ( 26χ = 7.62; p = 0.267).
The estimated mean microfilaraemic density of 1.63 (95% CI:
1.18-2.27) mf/60ml for males was significantly higher than the
value of 0.45 (95% CI: 0.34-0.60) mf/60ml observed in females
( 26χ = 30.48; p <0.0001).1
0
2
4
6
8
10
12
14
5-9 10-14 15-19 20-29 30-39 40-50 >50
Age group (years)
M
ic
ro
fi
la
ri
a
e
P
re
v
a
le
n
ce
(%
)
females
males
Figure 1 - Microfilaraemia prevalence, according to age and sex
among the total study population*.
The mean microfilarial density in males was similar to that
in females until the 10-14 age group, at which point male mean
density increased sharply, peaking between the ages of 30 and
39 and decreasing from this point onward ( 26χ = 12.74; p = 0.04).
Among females, the mean microfilarial density remained relatively
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stable through the 15-19 year age group, after which a slight decline
was observed ( 26χ = 3.63; p = 0.726) (Figure 2).
Relation between filarial infection, biological factors
and bednet use in 9-16 year olds. From the 1,511 boys and
girls aged 9 to 16 registered in the area, 1,130 (72.7%) were
interviewed and examined by thick film. Of those taking part, 790
(70%) were also tested for CFA by ICT card test (674) or Og4C3-
ELISA (116). Those who were tested for CFA did not differ significantly
from those who were not tested in age, sex or mf prevalence; this
finding ensures the comparability of the two groups (data not shown).
In order to examine the potential confounding effect of
environmental factors in the association between filarial infection
and sex, the effect of bednet use and the presence of a
microfilaraemic adult in the household was tested. The magnitude
of the adjusted associations between sex and mf (OR = 1.64; 95%
CI: 1.02-2.64) and CFA (OR = 1.31; 95% CI: 0.95-1.82) were
similar to those obtained prior to adjustment. Bednet use was also
tested as an effect modifier in the association between sex and mf,
but the result was not statistically significant ( 21χ = 2.34; p = 0.12).
Due to the observed interaction between age and sex and also
the fact that menarche only occurs in females, the association
between filarial infection and co-variables was estimated separately
for each sex. No association was found between menarche and mf
(OR = 0.65; 95% CI: 0.16-2.68) or CFA (OR = 0.90; 95% CI:
0.31-2.63). Moreover, not using a bednet did not increase risk of
mf (OR = 1.64; 95% CI: 0.56-4.81) or CFA (OR = 1.76; CI
95%:0.94-3.31) in girls. In boys, however, not using a bednet was
associated with an increased risk of mf (OR = 6.24; 95% CI: 1.47-
26.45) and CFA (2.66; 95% CI: 1.38-5.10). The presence of a
microfilaraemic adult in the household was a risk of mf for both
boys (OR = 3.10; CI 95%:1.46-6.50) and girls (OR = 3.57 95%
CI: 1.56-8.15), but was not associated with CFA.
DISCUSSION
In accordance with previous observations4 9 12 15 25, this study
showed a steady increase of both microfilaraemia and parasitic
burden in males beginning at age 14. It is known that the
sensitivity of thick film increases with higher microfilarial
density17. Since females usually exhibit lower parasite burdens
than males4, differential misclassification may underestimate the
microfilarial prevalence in females and contribute to an apparent
gender difference. In this study, analysis of the association
between gender and filarial infection during puberty
demonstrated that, although the prevalence of microfilaraemia
was significantly higher in boys than in girls, this difference was
not observed for filarial antigenaemia. This finding is consistent
with the lower sensitivity of the thick film technique in females.
Assuming higher validity of the filarial antigenaemia results,
the crude data do not suggest a gender difference in the 9-16
age range. Nevertheless, the stratified analysis by age showed a
significantly higher risk of filarial infection in 15 to 16-year-old
boys. The test for an age-sex interaction reinforced this finding
that that the effect of sex on filarial antigenaemia varies by age
group. Therefore, it seems that changes in susceptibility to filarial
infection might occur in men during the later stages of puberty.
This phenomenon could be explained by the influence of either
biological or behavioral factors acting in this period of life.
Culex quinquefasciatus is an endophilic mosquito of
nocturnal habits that usually breeds in areas around dwellings.
Although information concerning its biting behavior in Brazil is
lacking, an entomological study in India found that the peak
biting period of Culex ranged between midnight and 3 a.m.8.
Considering this, different behavioral patterns between genders,
such as current use of bednets, fans or insecticides while sleeping,
* Number of observations: males = 2,181 and females = 3,071
Figure 2 - Mean microfilarial density, according to age and sex
among the total study population*.
Among the 608 girls who provided information about menarche,
303 (49.8%) reported its occurrence, 16 (2.6%) had previously
been pregnant and 5 (0.8%) were using hormonal contraceptives.
In the 9 to 16-year-old population, the overall prevalence
of microfilaraemia was 6.9% (95% CI: 5.5-9.8) and that of
antigenaemia was 25.7% (95% CI: 23.2-30.7).
The crude odds ratio (OR) for the association between mf
and sex indicated a higher risk of mf among boys (OR = 1.60; 95%
CI: 1.01-2.55). The age-adjusted OR (OR = 1.63; 95% CI: 1.02-
2.60) was similar to the crude OR, indicating little, if any, confounding
effect. For CFA, the difference was not statistically significant
before or after age adjustment. The age-stratified analyses of sex
and both mf and CFA showed that boys aged 15 to 16 years had a
higher risk of filarial infection than girls of the same age (Table 1).
A statistically significant interaction was observed between
age and sex when the outcome was CFA, suggesting that, at least
for filarial antigenaemia, age modified the association with sex
( 26χ = 9.55; p = 0.02) (Table 1).
Table 1- Odds ration and 95% CI for the association between filarial
infection, sex and age group.
Microfilaraemia (n = 1,130) Antigenaemia (n = 790)
OR (95% CI) OR (95% CI)
boys versus girls boys versus girls
Sex 1.60 (1.01-2.55) 1.25 (0.91-1.72)
Age group (years)
  9 – 10 1.80 (0.73-4.37) 1.70 (0.87-3.31)
11 – 12 0.91 (0.37-2.22) 0.96 (0.51-1.81)
13 – 14 1.17 (0.37-3.73) 0.65 (0.33-1.26)
15 – 16 3.21 (1.30-7.96) 2.47 (1.30-4.70)
Age
adjusted OR 1.63 (1.02-2.60) -
Interaction test:=4.24; p=0.241 Interaction test =9.65; p=0.022
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could be related to the differences between sexes in filarial
infection. Nevertheless, the analysis of the association between
sex and filarial infection during puberty suggests that, at least
for microfilaraemia, the association between these variables
occurred independently of the use of bednets and the presence
of a microfilaraemic adult in the household. This result is in
accordance with a previous epidemiological study carried out
in a neighboring city, Recife, in which the filarial infection risk
remained twice as high in men, even after adjusting for other
exposure variables1. Therefore, despite the difficulties of
measuring human exposure to infection and in controlling for
all the relevant behavioral factors7, the data suggest that individual
protection may not play a decisive role in the gender differences
in lymphatic filariasis.
In girls, the occurrence of menarche, used as a proxy for
increased estrogen production, was not protective against filarial
infection. Moreover, age and non-use of bednet did not constitute
risks of infection for this sex. These data suggest that pubescent
changes, whether hormonal or behavioral, do not influence
female susceptibility to filarial infection. These results reproduce,
to some extent, experimental studies that investigated the role of
sexual hormones on the response to certain infectious diseases
in animals. The removal of ovaries in female rats did not produce
any effect on the intensity of the parasitism2 22. Conversely, the
administration of testosterone or removal of the testis in male
rats did alter the response to parasitic infection18 19 20.
Therefore, our data suggest that the observed variations
between genders in bancroftian filariasis could result, at least in
part, from increased susceptibility, possibly of physiological
origin, of men in the late stages of puberty.
Research has shown that men are often more susceptible to
infections caused by parasites, fungi, bacteria and viruses11. In
addition, mortality rates are usually higher in males than in
females21. Paradoxically, the use of health services is less frequent
in the male population13 27. These social and biological
particularities of genders have not been accounted for in the
formulation of public health policies to prevent, control or
eliminate diseases. For lymphatic filariasis, males not only exhibit
more signs and symptoms of lymphatic damage, they also typically
express more microfilaraemia and higher parasite burdens.
These features characterize men as an important reservoir of
filarial parasites that could maintain and spread disease in the
community. Therefore, communication and educational
approaches for elimination programs should focus on males by
promoting their compliance with the mass chemotherapy for
lymphatic filariasis and encouraging those with signs and
symptoms to seek early diagnosis in order to prevent more severe
forms of filariasis.
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